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(57) ABSTRACT

A semiconductor device includes a carrier, a die including a
first surface and a second surface, a plurality of first conduc-
tive bumps disposed between the second surface of the carrier
and the die, wherein the die is flip bonded on the carrier, and
a molding disposed over the carrier and surrounding the die,
wherein the molding includes a recessed portion disposed on
the first surface of the die thereby leaving a portion of the first
surface is uncovered by the molding. Further, a method of
manufacturing a semiconductor device includes providing a
carrier, flip bonding a die on the carrier, disposing a rubber
material on a first surface of the die and within the first surface
of the die, and forming a molding surrounding the rubber
material and covering the carrier.

20 Claims, 13 Drawing Sheets

P

1036 {1036 105¢
L 0

1054 103d

/100
103

1052 105d 105¢ (1030
105

P! | Tronaa]

B
T

T

1051

103

105

[————————-103¢

CECECEO)

{—103h
—10ia

101

10‘35 10(30 lO{Sc 105d

!

106 10{65 IDSI/ 10‘5c { 10(30

T W Eh

105d  103a /ZDO

1]

—105b

|
Trwa] | } T

I
Taa) |

T

IIIREN
! [

Ta
1051~

103

T 105
{—103¢

Ty

CEOMOMC

t—103b
—101a

{101

OO CADAONORO)



US 9,142,523 B2

Sheet 1 of 13

Sep. 22, 2015

U.S. Patent

[ 'DIA
qror/~_ — g - - - g
| o 201 201 201 201 701 701
101 —-
e10] —~ ~ 7 ~ -
i )i i Y01
aor———
“—s01
9¢01 €01
s01 —~F L -
AN T L
01— AR 1
9601|9501 PSOT  B501 PEOT PSOL {9501 9€01; 9E0I
- eg01 _
m _covgboawh “
001" '« ,l
P M



US 9,142,523 B2

Sheet 2 of 13

Sep. 22, 2015

U.S. Patent

d1 ‘DId

Jeor €01 JE0I1

WOl —T—+

QOor—r

_
_
_
SOl —1— |
_
_
_
_
_

301 0L 9501 JEOT
001

——9¢01

VI DIH
9601
|
QmS\l{mT m
me\l/km Jl\\m
o~ | m
S/ Lﬁ L: LS

001



US 9,142,523 B2

Sheet 3 of 13

Sep. 22, 2015

U.S. Patent

¢ DIA
o) (@) () () (@) () (o)

10T —~

R10] —— - o — -
P01 Y01 P01 701 dumgp
acor——— N\ '

] ~—S0T [pou,
oms\l/\ o &
so1—~F \ /
T A e

4501 —~

e e

Lol 08;82\ 8501 ©901 901 PSOL 9501 9€0T €01
o0z %01 PSOI



US 9,142,523 B2

Sheet 4 of 13

Sep. 22, 2015

U.S. Patent

¢ DId

0T1€—— 3Iouueo o) uo sdwung 9ATIONPUOD [eIAASS Fursodsi(]

)
60€ ——{ Surpjow 2y} pue WLL 2y} uo Joyedissip 1eay & Fursodsi(q

)
80€ —— a1p ayp uo (LL) [eHelew dovjIul [euay) e Sursodsi(]

+

LOE —— PJOWIdA0 U} SutAoway

+

90€ —— JoLLIe) 3Y) JIOAO0 SUIP[OWI B JUIULIO]

+

GOE ——{ IOLLIED ) PUB AIP Y} “PJOULIDA0 A} UsaMIdq Surpjowr & Sursodsi(y

+

$0€ ——{ IoLIED oY) PuUR JIP ) IOA0 P[OULIDAO U FUISOdSI(]

+

€0 —— Io1ed 9y} uo a1p e Jursodsiq

+

20€ ——{ 21p © Surpraoig

A
1

10§ —— Jouued e SuIpraoid

00€



US 9,142,523 B2

Sheet 5 0of 13

Sep. 22, 2015

U.S. Patent

€0€

0¢

T0€

D¢ DIA
q10l ——
10T —~
B[O — - -
& ®
qe01 ——
€0T —r
BEOT ——
d¢ DIA
q10T ——
10T ~
B[O —
qe0l ——
€0l —r
BEOT —
V¢ DIA
10T ~r




US 9,142,523 B2

Sheet 6 of 13

Sep. 22, 2015

U.S. Patent

= iy O\
NG

dc¢ DIA

2101 101 q101 2101

L |

o |/

OM©

601 —

—Q¢01

—— 9601

\

) \

OLT 2¢01 ,«mo_ mmo nwoﬁ wcﬁ mmoﬁ 4801 | BE0T JEOT °¢0I

€01 901 2¢01




US 9,142,523 B2

Sheet 7 of 13

Sep. 22, 2015

U.S. Patent

qrl ——

He DIA

10T —

S OGO

v0€ g

\

9¢0T / €01 980T 801
€01

)

2301

\

Q80T 9¢0I\ °¢01
Je01




US 9,142,523 B2

Sheet 8 of 13

Sep. 22, 2015

U.S. Patent

¢ DIA
0101 2101
/r \\
maw maw — Q€01

—— 9601

601 —

L
i RN
w

\




US 9,142,523 B2

Sheet 9 of 13

Sep. 22, 2015

U.S. Patent

S0€

Dt "DIA

601 —

\

Q

Q

n

S S

rﬁ_

011

\

S0T1

|

€01

|

801

|

BEOT qe0T qsOr 9601

wq%_oﬁm



US 9,142,523 B2

Sheet 10 of 13

Sep. 22, 2015

U.S. Patent

q101

)

HE DIdA

10T —~t

e10] —~ ——
g1 ——————— Y01 ¥01

% 0] —1 -
W o~ a
wor—/ /] f
901 JEOI[9S0T PSOT
€01

—3¢01

LA

BGO1 €0l PSOT 9S0T JEOI =¢€01



US 9,142,523 B2

Sheet 11 of 13

Sep. 22, 2015

U.S. Patent

I¢ "DIA
0] e
. & ®
80¢
o1+
01 [ _ [ a | _\ ................
qe0] —

/)

20T 9901 901

|

R

BEOL BSOT  ®B9OI  OS0T1 9¢01

ﬁuogbo.a .H \ um _.H



US 9,142,523 B2

Sheet 12 of 13

Sep. 22, 2015

U.S. Patent

€ DIA

101 —
. ®_®
60¢

moﬁ\l/uwx \;

90T — m \V w

qs

002 Ve 01 901 LOT 2901




US 9,142,523 B2

Sheet 13 of 13

Sep. 22, 2015

U.S. Patent

e DId

10T —

SOT—

@@

=

Q50T —

L

00¢ ~

901

V ,
LOT  ®901




US 9,142,523 B2

1
SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

FIELD

The disclosure relates to a semiconductor device and a
method of manufacturing a semiconductor device.

BACKGROUND

Electronic equipments involving semiconductor devices
are indispensable from our daily life. With the advancement
of electronic technology, electronic equipments become
more complicated and involve greater amount of integrated
circuitry for executing the desired multi-functionality. Thus,
manufacturing of the electronic equipment includes more and
more operations as well as various kinds of materials in order
to produce the semiconductor devices in the electronic equip-
ments. Therefore, there is a continuous demand on simplify-
ing the steps of production, increasing a production efficiency
and lowering an associated manufacturing cost on each elec-
tronic equipment.

During the operations of manufacturing the semiconductor
device, the semiconductor device is assembled with numbers
of integrated components including various materials with
difference in thermal properties. As such, the integrated com-
ponents are in undesired configurations after curing of the
semiconductor device. The undesired configurations would
lead to yield loss of the semiconductor device, poor bondabil-
ity between the components, development of cracks, delami-
nation of the components or etc. Furthermore, the compo-
nents of the semiconductor device includes various metallic
materials which are in limited quantity and thus in a high cost.
The undesired configurations of the components and the yield
loss of the semiconductor would further exacerbate materials
wastage and thus the manufacturing cost would increase.

As more different components with different materials are
involved and a complexity of the manufacturing operations of
the semiconductor device is increased, there are more chal-
lenges to modify a structure of the semiconductor device and
improve the manufacturing operations. As such, there is a
continuous need to improve the method for manufacturing the
semiconductor and solve the above deficiencies.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-
sion.

FIG. 1 is a schematic view of a semiconductor device in
accordance with some embodiments of the present disclo-
sure.

FIG. 1A is a top view of a semiconductor device with a
recessed portion in a rectangular shape in accordance with
some embodiments of the present disclosure.

FIG. 1B is a top view of a semiconductor device with a
recessed portion in a polygonal shape in accordance with
some embodiments of the present disclosure.

FIG. 2 is a schematic view of a semiconductor package in
accordance with some embodiments of the present disclo-
sure.

10

40

45

55

2

FIG. 3 is a flow diagram of a method of manufacturing a
semiconductor device in accordance with some embodiments
of the present disclosure.

FIG. 3A is a schematic view of a carrier in accordance with
some embodiments of the present disclosure.

FIG. 3B is a schematic view of a carrier and a die in
accordance with some embodiments of the present disclo-
sure.

FIG. 3C is a schematic view of a carrier bonded with a die
by several first conductive bumps in accordance with some
embodiments of the present disclosure.

FIG. 3D is a schematic view of an overmold disposed on a
die in accordance with some embodiments of the present
disclosure.

FIG. 3E is a schematic view of a rubber material disposed
over a carrier in accordance with some embodiments of the
present disclosure.

FIG. 3F is a schematic view of an overmold disposed on a
rubber material and a carrier in accordance with some
embodiments of the present disclosure.

FIG. 3G is a schematic view of a molding formed on a die
and a carrier in accordance with some embodiments of the
present disclosure.

FIG. 3H is a schematic view of a molding formed with a
recessed portion on a die in accordance with some embodi-
ments of the present disclosure.

FIG. 31 is a schematic view of a thermal interface material
(TIM) disposed on a die in accordance with some embodi-
ments of the present disclosure.

FIG. 3] is a schematic view ofa heat dissipator disposed on
amolding and a die in accordance with some embodiments of
the present disclosure.

FIG. 3K is a schematic view of a carrier with several second
conductive bumps in accordance with some embodiments of
the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

A semiconductor device is manufactured by a number of
operations. During the manufacturing, a die is attached on a
carrier or a substrate by several die bumps, and those die
bumps are then encapsulated by a molding underfill (MUF) or
molding compounds. The MUF covers the carrier and sur-
rounds the die in order to protect electrical connections of the
die bumps between the die and the carrier. Based on such
structural configuration, the die is interfaced with various
kinds of materials with different thermal properties such as
the MUF, the bumps, the carrier and etc. These materials have
different coefficient of thermal expansion (CTE). Such a mis-
match of CTE would cause a stress developed at a corner of
the die and thus develop cracks within the semiconductor
device and chippings peeled out from an edge of the die.

Furthermore, the cracks can even propagate from the cor-
ner of the die to an interior of the semiconductor device
during subsequent manufacturing operations. The propaga-
tion of the cracks further weakens the electrical connections
between the die and the carrier and leads to a delamination of
components from the semiconductor device after thousands
of thermal cycles, and ultimately result in a failure of the
semiconductor device.

In the present disclosure, a semiconductor device with a
structural improvement is disclosed. The semiconductor
device includes a carrier, a die and a molding. The die dis-
posed on the carrier has a first surface and a second surface
disposed with several first conductive bumps or die bumps.
The molding has a height higher than the die, so that a portion
of the molding is disposed on a periphery portion of the first
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surface of the die, and thus the die interfacing with other
materials is minimized and a development of cracks within
the semiconductor device is prevented. Furthermore, the
molding with higher height can facilitate a control of a bond
line thickness (BLT) of the semiconductor device which is a
distance between the first surface of the die and a heat dissi-
pator, and the protruded portion of the molding optimizes an
uniformity of the BLT of the semiconductor device, and thus
ultimately improve a reliability of the semiconductor device.

The manufacturing and use of the embodiments of the
present invention are discussed in details below. It should be
appreciated, however, that the embodiments provide many
applicable inventive concepts that can be embodied in a wide
variety of specific contexts. It is to be understood that the
following disclosure provides many different embodiments
or examples for implementing different features of various
embodiments. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are, of course, merely examples and are not intended to
be limiting.

Embodiments, or examples, illustrated in the drawings are
disclosed below using specific language. It will nevertheless
be understood that the embodiments and examples are not
intended to be limiting. Any alterations and modifications in
the disclosed embodiments, and any further applications of
the principles disclosed in this document are contemplated as
would normally occur to one of ordinary skill in the pertinent
art.

Further, it is understood that several processing steps and/
or features of a device may be only briefly described. Also,
additional processing steps and/or features can be added, and
certain of the following processing steps and/or features can
be removed or changed while still implementing the claims.
Thus, the following description should be understood to rep-
resent examples only, and are not intended to suggest that one
or more steps or features is required.

In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This repeti-
tion is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments
and/or configurations discussed.

FIG. 1 is an embodiment of a semiconductor device 100.
The semiconductor device 100 includes a carrier 101. Insome
embodiments, the carrier 101 is a substrate or wafer which
would be fabricated to become integrated circuits (IC) in
subsequent manufacturing operations. In some embodi-
ments, the carrier 101 is a circuit board including some cir-
cuits for electrical connection of components thereon. In
some embodiments, the circuit board is a printed circuit board
(PCB). In some embodiments, the carrier 101 includes sili-
con, ceramic, copper or etc. In some embodiments, the carrier
101 is in a circular shape.

In some embodiments, the carrier 101 includes a surface
101a and another surface 1015 opposite to the surface 101a4.
In some embodiments, the surface 101a of the carrier 101 is
configured for electrically connecting with a circuitry exter-
nal to the carrier 101. In some embodiments, the surface 101a
includes several bond pads to facilitate the electrical connec-
tion with the circuitry external to the carrier 101. In some
embodiments, the bond pads are solderable surfaces and
include metals such as copper.

In some embodiments, another surface 1015 of the carrier
101 is disposed with several conductive bumps 102. In some
embodiments, the conductive bumps 102 are configured for
receiving other pads on another carrier and electrically con-
necting with a circuitry external to the carrier 101. In some
embodiments, the conductive bumps 102 are intervally
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spaced with each other on another surface 1015. In some
embodiments, each conductive bump 102 is a solder bump,
solder ball, solder paste or etc. In some embodiments, each of
the conductive bumps 102 is in a spherical shape.

In some embodiments, the semiconductor device 100
includes a die 103. In some embodiments, the die 103 is a
piece including semiconductor materials such as silicon, and
is fabricated with a predetermined functional circuit within
the die 103 produced by photolithography operations. In
some embodiments, the die 103 is singulated from a silicon
wafer by a mechanical or laser blade and then is placed on the
carrier 101 for subsequent manufacturing operations. In some
embodiments, the die 103 is attached on the surface 101a of
the carrier 101 by a flux, an adhesive or etc. In some embodi-
ments, the die 103 is in a quadrilateral, a rectangular or a
square shape. In some embodiments, the die 103 has a width
W ;. of about 5 mm to about 35 mm.

In some embodiments, the die 103 includes a first surface
103a and a second surface 1035. In some embodiments, the
die 103 is disposed on the surface 1014 of the carrier 101, so
as to electrically connect a circuitry of the die 103 with the
circuitry of the carrier 101. The second surface 1035 of the die
103 and the surface 101a of the carrier 101 are electrically
connected.

In some embodiments, the die 103 is flip bonded on the
carrier 101, that the second surface 1035 is an active surface
of the die 103 including several contacts electrically con-
nected with several conductive traces or several circuits
within the die, while the first surface 103a is an inactive
surface of the die 103 without any contacts and opposite to the
active surface. In some embodiments, the die 103 is disposed
parallel to the carrier 101. In some embodiments, the second
surface 1035 of the die 103 is substantially parallel to the
surface 101a of the carrier 101.

In some embodiments, several first conductive bumps 104
are disposed between the second surface 1035 of the die 103
and the carrier 101. In some embodiments, the first conduc-
tive bumps 104 are die bumps. In some embodiments, the first
conductive bumps 104 are intervally spaced from each other
on the second surface 1035. In some embodiments, the sec-
ond surface 1035 of the die 103 is electrically connected with
the surface 101a of the carrier 101 by the first conductive
bumps 104. In some embodiments, the first conductive bumps
104 are conductive bumps for electrically connecting at least
two circuitries respectively on different carriers.

In some embodiments, the first conductive bumps 104
bond several die pads on the second surface 1035 of the die
103 with several bond pads on the surface 101a of the carrier,
so that the circuitry of the die 103 is electrically connected
with the circuitry of the carrier 101. In some embodiments,
each first conductive bump 104 is a solder bump, solder ball,
solder paste or etc. In some embodiments, each of the first
conductive bumps 104 is in a spherical shape.

In some embodiments, a molding 105 is disposed over the
carrier 101 and surrounds the die 103. In some embodiments,
the molding 105 is disposed on the surface 101a of the carrier
101 and a periphery portion 103¢ of the first surface 103a of
the die 103. The periphery portion 103¢ of the first surface
103a is proximal to a sidewall 103e of the die 103 and is
adjacent to a perimeter or boundary of the first surface 103a.
The molding 105 also fills several gaps between the first
conductive bumps 104 for surrounding and protecting the first
conductive bumps 104. In some embodiments, the first sur-
face 103a of the die 103 is at a level substantially lower than
atop surface 10556 of the molding 105, so that the molding 105
interfaced with the first surface 103a of the die 103 is in a
staggered configuration.
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In some embodiments, the molding 105 is a molding com-
pound including epoxy resins, phenolic hardeners, silicas,
catalysts, pigments, mold release agents, and the like. The
molding 105 has a high thermal conductivity, a low moisture
absorption rate, a high flexural strength at board-mounting
temperatures, or a combination of these.

Insome embodiments, the molding 105 includes a recessed
portion 1054 disposed on the first surface 103a of the die 103.
In some embodiments, the recessed portion 105a leaves a
central portion 1034 of the die 103 uncovered by the molding
105. In some embodiments, the recessed portion 1054 is
extended from the top surface 1055 of the molding to the
central portion 103d of the first surface 103a of the die 103
along the first surface 1034, so that the central portion 1034 of
the first surface 103a of the die 103 is exposed without any
coverage. In some embodiments, the recessed portion 1054 is
disposed within the first surface 103a. In some embodiments,
a sidewall 1054 of the recessed portion 1054 is distal to the
sidewall 103e of the die 103.

In some embodiments, an interface 111 between the
recessed portion 1054 and the first surface 103a of the die 103
is in various shapes such as a rectangular, quadrilateral or
polygonal shape. FIGS. 1A and 1B are respectively a top view
of the semiconductor device 100. In some embodiments as in
FIG. 1A, the interface 111 between the recessed portion 105a
and the first surface 103a of the die 103 is in a rectangular
shape. The recessed portion 1054 and the die 103 are concen-
trically disposed with each other. The interface 111 between
the recessed portion 1054 and the first surface 103q of the die
103 is a subset of the first surface 1034 of the die 103. The
interface 111 between the recessed portion 1054 and the first
surface 103a of the die 103 is circumscribed by the first
surface 103a of the die 103.

In some embodiments as in FIG. 1B, the interface 111
between the recessed portion 1054 and the first surface 103a
of'the die 103 is in a octagonal shape, which is different from
the first surface 103a of the die 103 in a rectangular shape.
The interface 111 between the recessed portion 1054 and the
first surface 103a of the die 103 is circumscribed by the first
surface 103a of the die 103.

In some embodiments, the molding 105 includes a pro-
truded portion 105¢ disposed on the periphery portion 103¢ of
the first surface 1034. In some embodiments, the protruded
portion 105¢ is protruded from the sidewall 103¢ of the die
103 along the first surface 103a. In some embodiments, an
interface between the protruded portion 105¢ of the molding
105 and the first surface 103a of the die 103 is in a rectangular,
quadrilateral or polygonal shape.

In some embodiments, as in FIG. 1A, the protruded portion
105¢ is disposed at an edge of the die 103. The protruded
portion 105¢ is disposed at four sides of the die 103 to cover
four edges of the die 103.

In some embodiments as in FIG. 1B, the protruded portion
105¢ is disposed ata corner 103f'of' the die 103. The protruded
portion 105c¢ is disposed at four corners of the die 103, so that
the four sides and the four corners of the die 103 are covered
by the protruded portion 105¢ of the molding 105. As the
corner of the die 103 is covered by the molding 105, the
molding 105 protects the die 103 from direct collision during
shipping of the semiconductor device 100, and thus a reliabil-
ity of the semiconductor device 100 is improved.

Referring back to FIG. 1, in some embodiments, the pro-
truded portion 105c has alength L, . ..., protruded from the
sidewall 103¢ of the die 103. In some embodiments, the
length L,,,,,,,., 4. 1s about 0.3 mm to about 2 mm. In some
embodiments, the protruded portion 105¢ has a thickness
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6
105 to the first surface 1034 of the die 103. In some embodi-
ments, the thickness T, of the protruded portion 105¢
is about 0.05 mm to about 0.3 mm.

FIG. 2 is an embodiment of a semiconductor package 200.
In some embodiments, the semiconductor package 200
includes various semiconductor components assembled in a
package. There are various kinds of packages such as quad
flat package (QFP), chip scale package (CSP), ball grid array
(BGA) package or etc. In some embodiments, the semicon-
ductor package 200 is a flip chip ball grid array (FCBGA)
package which includes a flip chip disposed on a carrier or a
substrate.

In some embodiments, the semiconductor package 200
includes a carrier 101. In some embodiments, the carrier 101
is a substrate or wafer which would be fabricated to become
integrated circuits (IC) in subsequent manufacturing opera-
tions. In some embodiments, the circuit board is a printed
circuit board (PCB). In some embodiments, the carrier 101
includes silicon, ceramic, copper or etc.

In some embodiments, the carrier 101 includes a surface
101a and another surface 1015 opposite to the surface 101a
and disposed with several conductive bumps 102. The con-
ductive bumps 102 are for receiving other pads on another
carrier and electrically connecting with a circuitry external to
the carrier 101. In some embodiments, the conductive bumps
102 are intervally spaced with each other on another surface
1014, and are arranged in an array or matrix to become a ball
grid array (BGA) package. In some embodiments, each con-
ductive bump 102 is a solder bump, solder ball, solder paste or
etc. In some embodiments, each of the conductive bumps 102
is in a spherical shape.

In some embodiments, the semiconductor package 200
includes a die 103. In some embodiments, the die 103 is a
piece including semiconductor materials such as silicon, and
is fabricated with a predetermined functional circuit within
the die 103 produced by photolithography operations. In
some embodiments, the die 103 is attached on the surface
101a of the carrier 101 by a flux, an adhesive or etc. In some
embodiments, the die 103 is a flip chip which s flip bonded on
the carrier 101 by several first conductive bumps 104 or flip
chip bumps. In some embodiments, the die 103 is in a quad-
rilateral, a rectangular or a square shape.

In some embodiments, the die 103 includes a first surface
103a and a second surface 1035. In some embodiments, the
second surface 1035 of the die 103 is electrically connected
with the surface 101a of the carrier 101 by the first conductive
bumps 104. In some embodiments, the die 103 is flip bonded
on the carrier 101, that the second surface 1035 is an active
surface of the die 103 including several contacts electrically
connected with several conductive traces or several circuits
within the die, while the first surface 103a is an inactive
surface of the die 103 without any contacts and opposite to the
active surface. In some embodiments, the second surface
1035 of the die 103 is substantially parallel to the surface
1014 of the carrier 101.

In some embodiments, the first conductive bumps 104 are
die bumps. The first conductive bumps 104 are disposed
between the second surface 1035 of the die 103 and the
surface 101a of the carrier 101. In some embodiments, the
first conductive bumps 104 are intervally spaced from each
other on the second surface 10354. In some embodiments, the
second surface 1035 of the die 103 is electrically connected
with the surface 101a of the carrier 101 by the first conductive
bumps 104.

In some embodiments, the semiconductor package 200
includes a molding 105. The molding 105 is disposed over the
carrier 101 and surrounds the die 103. In some embodiments,
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the molding 105 is disposed on the surface 101a of the carrier
101 and a periphery portion 103¢ of the first surface 103a of
the die 103. The periphery portion 103¢ of the first surface
103a is proximal to a sidewall 103e of the die 103 and is
adjacent to a perimeter or boundary of the first surface 103a.
In some embodiments, the molding 105 also surrounds the
first conductive bumps 104.

In some embodiments, the first surface 103a of the die 103
is at a level substantially lower than a top surface 10556 of the
molding 105, so that the molding 105 interfaced with the first
surface 103a of the die 103 is in a staggered configuration. In
some embodiments, the molding 105 is a molding compound
including a liquid epoxy which is able to flow and fill a space
between the die 103 and the carrier 101. The molding is able
to be cured by a heat treatment such as reflow.

Insome embodiments, the molding 105 includes a recessed
portion 1054 disposed on the first surface 103a of the die 103.
In some embodiments, the recessed portion 105a leaves a
central portion 1034 of the die 103 uncovered by the molding
105. In some embodiments, the recessed portion 1054 is
disposed within the first surface 103a.

In some embodiments, a sidewall 1054 of the recessed
portion 105a is distal to a sidewall 103e of the die 103. In
some embodiments, an interface between the recessed por-
tion 1054 and the first surface 103a of the die 103 is in various
shapes such as a rectangular, quadrilateral or polygonal
shape.

In some embodiments, the molding 105 includes a pro-
truded portion 105¢ disposed on the periphery portion 103¢ of
the first surface 1034. In some embodiments, the protruded
portion 105¢ is protruded from the sidewall 103¢ of the die
103 along the first surface 103a. In some embodiments, an
interface between the protruded portion 105¢ of the molding
105 and the first surface 103a of the die 103 is in a rectangular,
quadrilateral or polygonal shape.

In some embodiments, the semiconductor package 200
includes a thermal interface material (TIM) 106. The TIM
106 is disposed on the first surface 103a of the die 103 and is
surrounded by the protruded portion 105¢ of the molding 105.
In some embodiments, the TIM 106 is disposed within the
recessed portion 105a. The TIM 106 fills the recessed portion
105a of the molding, and is bound by the sidewall 1054 of the
protruded portion 105¢ of the molding 105 and the first sur-
face 103a of the die 103. Thus, the TIM 106 would not flow
out from the recessed portion 1054 when the semiconductor
package 200 is under a high temperature or thermal cycling.

In some embodiments, the TIM 106 is disposed at a central
portion 103d of the die 103, so as to facilitate a thermal
dissipation of the semiconductor package 200. In some
embodiments, the TIM 106 includes tin, gallium, indium or
etc.

In some embodiments, the TIM 106 has a top surface 106a
at a level substantially same as the top surface 1055 of the
molding 105. In some embodiments, a thickness T ,,,,,.z04 ©T
the protruded portion 105¢ of the molding 105 is substantially
equal to a thickness T,,, of the TIM 106. In some embodi-
ments, a total of the thickness T,,,, of the TIM 106, a thickness
T 4. 0f thedie 103 and aheight T ;,, ,,,,,,, of the first conductive
bumps 104 is substantially equal to a height T, ,, of the
molding 105.

In some embodiments, the semiconductor package 200 has
a bond line thickness (BLT) which is a distance between the
first surface 1034 of the die 103 and the top surface 1055 of
the molding 105. In some embodiments, the BLT of the
semiconductor package 200 is substantially equal to the
thickness T,,,,,,.4.,0f the protruded portion 105¢ of the mold-
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ing 105. In some embodiments, the BLT of the semiconductor
package 200 is substantially equal to the thickness T, of the
TIM 106.

As the thickness T,,,, of the TIM 106 disposed on the first
surface 103a of the die 103 is dependent on the thickness
T romrudeq Of the protruded portion 105¢ of the molding 105,
the BLT is decided by the thickness T, ,,,...;0f the protruded
portion 105¢ of the molding 105 and thus the BLT is under a
well control to be in a fine and thin BLT. The semiconductor
package 200 in such structural configuration has a bond line
in an uniform thickness and thus an improved reliability of the
semiconductor package 200. Furthermore, the semiconduc-
tor package 200 with a controlled BLT has lesser stress points
adjacent to the corner 103¢ of the die 103, and thus a devel-
opment of cracks within the molding 105 is minimized or
even prevented.

In some embodiments, a heat dissipator 107 is disposed on
the top surface 1055 of the molding 105 and the top surface
106a of the TIM 106. The heat dissipator 107 is attached with
the TIM 106 and is disposed over the molding 105. In some
embodiments, the heat dissipator 107 is a heat sink, heat
spreader, thermal adhesive or etc. In some embodiments, the
heat dissipator 107 includes metals or conductive materials
such as aluminum, copper or etc.

In some embodiments, the heat dissipator 107 is bonded
with the TIM 106 and transfers a heat generated by the die 103
or the carrier 101 away from the semiconductor package 200.
Theheat from the die 103 or the carrier is directed from the die
103 to the surrounding through the TIM 106 and the dissipa-
tor.

Based on such structural configuration, the semiconductor
package 200 as a whole would not be overheated during
operations of the semiconductor package 200, and thus a
performance and functionality of the semiconductor package
200 would not be declined after a period of operation time.

In the present disclosure, a method of manufacturing a
semiconductor device is also disclosed. In some embodi-
ments, a semiconductor device is formed by a method 300.
The method 300 includes a number of operations and the
description and illustration are not deemed as a limitation as
the sequence of the operations.

FIG. 3 is an embodiment of a method 300 of manufacturing
a semiconductor device. The method 300 includes a number
of'operations (301, 302,303,304, 305,306,307, 308,309 and
310).

In operation 301, a carrier 101 is provided as in FIG. 3A. In
some embodiments, the carrier 101 is formed by a semicon-
ductor material such as silicon. In some embodiments, the
carrier 101 is in a similar configuration as the carrier 101 in
FIGS. 1 and 2.

In operation 302, a die 103 is provided as in FIG. 3B. In
some embodiments, the die 103 is a piece including semicon-
ductor material and is fabricated with a given functional cir-
cuit. In some embodiments, the die 103 is a flip chip which is
flipped over upon bonding on the carrier 101, so that an active
surface of the die 103 is faced downward and thus the active
surface is a bottom surface 1035 of the die 103. In some
embodiments, the die 103 is configured and oriented similar
to the die 103 as in FIGS. 1 and 2.

In operation 303, the die 103 is disposed on the top surface
101a of the carrier 101 as in FIG. 3C. In some embodiments,
the die 103 is bonded with the carrier 101 by several die
bumps 104 disposed on several die pads on the bottom surface
1035 of the die 103; so that a circuitry of the die 103 is
electrically connected a circuitry of the carrier 101 through
the die bumps 104. In some embodiments, the die bumps 104
are configured as the die bumps 104 as in FIGS. 1 and 2.
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In operation 304, an overmold 109 is disposed over the die
103 and the carrier 101 as in FIG. 3D. In some embodiments,
the overmold 109 includes a rubber material 108 which is
temporarily attached on the top surface 103a of the die 103
upon an overmolding operation and formation of a molding.
In some embodiments, the rubber material 108 of the over-
mold 109 is disposed above and within a surface area of the
top surface 103a of the die 103. In some embodiments, a
sidewall 1085 of the rubber material 108 of the overmold 109
is within a sidewall 103e of the die 103. The sidewall 1085 is
distal to the sidewall 103e.

In some embodiments, an interface between the rubber
material 108 of the overmold 109 and the top surface 1034 of
the die 103 is substantially smaller than the top surface 103a
ofthe die 103. In some embodiments, the rubber material 108
of'the overmold 109 is shaped such that the sidewall 1085 of
the rubber material 108 is distanced away from a periphery
portion 103¢ of the die 103. In some embodiments, the side-
wall 1085 of the rubber material 108 is distanced away from
a corner 103/ of the die 103. In some embodiments, the
overmold 109 includes a chamber 1096 for temporarily
encapsulating the die 103 and the die bumps 104. In some
embodiments, the interface between the rubber material 108
of'the overmold 109 and the top surface 103a of the die 103 is
in various shape, such as rectangular, quadrilateral, polygonal
or etc.

In some embodiments, the rubber material 108 is not inte-
gral with the overmold 109 as in FIG. 3E. The rubber material
108 is not a part of the overmold 109. The rubber material 108
is an individual component and is separated from the over-
mold 109.

In some embodiments of the operation 304 as in FIG. 3E,
the rubber material 108 is first disposed on the top surface
103a of the die 103 and is temporarily attached on the top
surface 1034 of the die 103 upon the overmolding operation
and formation of a molding. In some embodiments, the rub-
ber material 108 is disposed above and within a surface area
of'the top surface 103a of the die 103. In some embodiments,
the sidewall 1085 of the rubber material 108 is within the
sidewall 103¢ of the die 103. The sidewall 1085 is distal to the
sidewall 103e.

In some embodiments, an interface between the rubber
material 108 and the top surface 103a of the die 103 is sub-
stantially smaller than the top surface 103a of the die 103. In
some embodiments, the rubber material 108 is shaped such
that the sidewall 1085 of the rubber material 108 is distanced
away from the periphery portion 103¢ of the die 103. In some
embodiments, the sidewall 1085 of the rubber material 108 is
distanced away from the corner 103/ of the die 103. In some
embodiments, the interface between the rubber material 108
and the top surface 103a of the die 103 is in various shape,
such as rectangular, quadrilateral, polygonal or etc.

After adeposition of the rubber material 108 on the die 103,
the overmold 109 is disposed over the rubber material 108 and
the carrier 101 as in FIG. 3F. In some embodiments, the
overmold 109 is temporarily attached the sidewall 101¢ of the
carrier 101 upon the overmolding operation and formation of
amolding. In some embodiments, the overmold 109 includes
a complementary portion 109a¢ which is configured for
receiving the rubber material 108. In some embodiments, the
overmold 109 includes the chamber 1095 for temporarily
encapsulating the rubber material 108, the die 103 and the die
bumps 104.

In operation 305, a molding 105 is disposed between the
overmold 109, the die 103 and the carrier 101 as in FIG. 3G.
In some embodiments, the molding 105 is flown into the
chamber 1095 of the overmold 109 and fills the chamber 1095
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until a predetermined height H,,,,;,,, of the molding 105 is
reached. In some embodiments, the molding 105 is flown into
the chamber 1095 through a passage 110 of the overmold 109.
The molding 105 is formed in accordance with a shape of the
overmold 109. In some embodiments, a shape of the molding
105 is defined by the chamber 1095 of the overmold 109 and
the rubber material 108.

In some embodiments, a time for the molding 105 flowing
into the chamber 1095 and reaching the height H,,,,;,4,,. of the
molding 105 is about 5 seconds to about 30 seconds. In some
embodiments, the molding 105 includes a molding com-
pound such as liquid epoxy resin.

In operation 306, the molding 105 is formed over the car-
rier 101 as in FIG. 3H. In some embodiments, the molding
105 is formed after a heat treatment such as reflow. In some
embodiments, the molding 105 is formed and is extended
from the top surface 101a of the carrier 101 to a top surface
1055 of the molding 105. In some embodiments, the molding
105 encapsulates the die 103 and the die bumps 104.

In some embodiments, a protruded portion 105¢ of the
molding 105 is formed on a periphery portion 103¢ of the top
surface 103a of the die 103. In some embodiments, the pro-
truded portion 105¢ is protruded from the sidewall 103¢ of the
die 103 to a sidewall 1054 of the protruded portion 105¢. In
some embodiments, the protruded portion 105¢ is disposed at
the corner 103/ of the die 103.

In operation 307, the overmold 109 and the rubber material
108 are removed from the die 103 and the carrier 101 as in
FIG. 3H. In some embodiments, the overmold 109 and the
rubber material 108 are removed from the top surface 103a of
the die 103 by a release film. In some embodiments, the
release film is applied on an interface between the overmold
109, the rubber material 108, the molding 105 and the die 103,
so that the overmold 109 and the rubber material 108 are
releasable and removable from the top surface 103a of the die
103. The overmold 109 and the rubber material 108 is
removed after the molding 105 is formed.

In some embodiments, the rubber material 108 defines a
recessed portion 1054 of the molding above the top surface
103a of the die 103 and within the top surface 103a of the die
103, so that the recessed portion 1054 is present on the top
surface 103a after a removal of the overmold 109 and the
rubber material 108. In some embodiments, the recessed por-
tion 105q is extended from the top surface 10556 of the mold-
ing 105 to the top surface 103« of the die 103.

In some embodiments, the recessed portion 1054 leaves a
portion of the top surface 103a uncovered by the molding
105, because the disposition of the rubber material 108 would
prevent the molding 105 disposed on the portion of the top
surface 103a. Thus, the portion of the top surface 103a is
exposed after the molding 105 is formed.

In operation 308, a thermal interface material (TIM) 106 is
disposed on the die 103 as in FIG. 31. In some embodiments,
the TIM 106 is disposed on an exposed portion of the top
surface 103a of the die 103 and fills the recessed portion 1054.
In some embodiments, the TIM 106 is flown into the recessed
portion 1054 until the TIM 106 reaches a level substantially
same as the top surface 1055 of the molding 105, so thata top
surface 1064 ofthe TIM 106 is at a substantially same level as
the top surface 10564.

In some embodiments, the TIM 106 is surrounded by the
protruded portion 105¢ of the molding 105. In some embodi-
ments, the protruded portion 105¢ secures the TIM 106 within
the recessed portion 1054, without flowing out of the recessed
portion 105a¢ under a high temperature or during a thermal
cycle. In some embodiments, a shape of the TIM 106 is
defined by the protruded portion 105¢ of the molding 105.
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In some embodiments, the protruded portion 105¢ or the
TIM 106 defines a bond line thickness (BLT) of the semicon-
ductor package. The BLT is a distance between the top sur-
face 103a of the die 103 and the top surface 1056 of the
molding 105. In some embodiments, a thickness T,,,, of the
protruded portion 105¢ or a thickness T, Of the pro-
truded portion 105¢ is the BLT of the semiconductor package.
As a flowing of the TIM 106 is bounded by the protruded
portion 105¢ of the molding, the BLT of the semiconductor
package is under control. Thus, an uniformity of the BLT is
provided by disposing the rubber material 108 within the top
surface 1034 and forming the protruded portion 105¢ on the
periphery portion 103¢ of the die 103.

In operation 309, a heat dissipator 107 is disposed on the
TIM 106 and the molding 105 as in FIG. 3J. In some embodi-
ments, the heat dissipator 107 is disposed on the top surface
1056 of the molding 105 and the top surface 1064 of the TIM
106, so as to cover the molding 105, the die 103 and the carrier
101 to become a semiconductor package 200.

In some embodiments, the heat dissipator 107 is attached
with the TIM 106 and is extended along the top surface 10554
of the molding 105 and the top surface 106a of the TIM 106.
In some embodiments, the heat dissipator 107 is a heat sink or
a heat spreader for transferring a heat generated by the die 103
to the surrounding.

In operation 310, several conductive bumps 102 are pro-
vided and disposed on a bottom surface 1015 of the carrier
101 opposite to a top surface 101a as in FIG. 3K. In some
embodiments, the conductive bumps 102 are intervally
spaced with each other on the bottom surface 1015 of the
carrier 101. In some embodiments, the conductive bumps 102
are configured for receiving other pads on another carrier and
electrically connecting with a circuitry external to the carrier
101.

Insome embodiments, each ofthe conductive bumps 102 is
disposed on a bond pad on the bottom surface 1015 of the
carrier 101, so that each conductive bump 102 is bonded with
a corresponding bond pad on the bottom surface 1015. In
some embodiments, the conductive bumps 102 are in similar
configurations as the conductive bumps 102 in FIGS. 1 and 2.

In some embodiments, a semiconductor device includes a
carrier, a die including a first surface and a second surface, a
plurality of first conductive bumps disposed between the sec-
ond surface of the die and the carrier, wherein the die is flip
bonded on the carrier, and a molding disposed over the carrier
and surrounding the die, the molding includes a recessed
portion disposed on the first surface of the die thereby leaving
a portion of the first surface uncovered by the molding.

In some embodiments, the first surface of the die is at a
level substantially lower than a top surface of the molding. In
some embodiments, a sidewall of the recessed portion is distal
to a sidewall of the die. In some embodiments, a thermal
interface material (TIM) is disposed within the recessed por-
tion of the molding. In some embodiments, the molding inter-
faced with the first surface of the die is in a staggered con-
figuration. In some embodiments, an interface between the
recessed portion and the first surface of the die is in a rectan-
gular quadrilateral or polygonal shape.

In some embodiments, a semiconductor package includes
a die including a first surface and a second surface, a carrier
including a third surface bonded with a plurality of first con-
ductive bumps on the second surface of the die and a fourth
surface disposed with a plurality of second conductive
bumps, a molding including a protruded portion disposed on
a periphery portion of the first surface and surrounding the
plurality of first conductive bumps and the die, a thermal
interface material (TIM) disposed on the first surface of the
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die and surrounded by the protruded portion of the molding,
and a heat dissipator attached with the thermal interface mate-
rial (TIM) and disposed over the molding.

In some embodiments, the protruded portion of the mold-
ing is protruded from a sidewall of the die. In some embodi-
ments, the protruded portion of the molding is disposed at a
corner of the die. In some embodiments, a top surface of the
thermal interface material (TIM) is at a level substantially
same as a top surface of the molding.

In some embodiments, a thickness of the protruded portion
or a thickness of the thermal interface material (TIM) is
substantially equal to a bond line thickness (BLT) of the
semiconductor package. In some embodiments, an interface
between the protruded portion and the first surface of the die
is in a rectangular, quadrilateral or polygonal shape.

In some embodiments, a method of manufacturing a semi-
conductor device includes providing a carrier, flip bonding a
die on the carrier, disposing a rubber material on a first surface
of'the die and within the first surface of the die, and forming
a molding surrounding the rubber material and covering the
carrier.

In some embodiments, the disposing the rubber material
includes defining a recessed portion of the molding above the
first surface of the die and within the first surface of the die. In
some embodiments, the method further comprising removing
the rubber material by a release film after the molding is
formed. In some embodiments, the disposing the rubber
material includes defining a bond line thickness (BLT) of the
semiconductor device. In some embodiments, the forming
the molding includes an overmolding operation.

In some embodiments, the forming the molding includes
disposing the molding into a chamber within an overmold. In
some embodiments, the forming the molding includes filling
amolding underfill between the semiconductor device and an
overmold disposed above the semiconductor device. In some
embodiments, an interface between the rubber material and
the first surface of the die is in a rectangular, quadrilateral or
polygonal shape.

The methods and features of this invention have been suf-
ficiently described in the above examples and descriptions. It
should be understood that any modifications or changes with-
out departing from the spirit of the invention are intended to
be covered in the protection scope of the invention.

Moreover, the scope of the present application in not
intended to be limited to the particular embodiments of the
process, machine, manufacture, and composition of matter,
means, methods and steps described in the specification. As
those skilled in the art will readily appreciate from the dis-
closure of the present disclosure, processes, machines, manu-
facture, composition of matter, means, methods or steps pres-
ently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein maybe utilized according to the present disclosure.

Accordingly, the appended claims are intended to include
within their scope such as processes, machines, manufacture,
compositions of matter, means, methods or steps. In addition,
each claim constitutes a separate embodiment, and the com-
bination of various claims and embodiments are within the
scope of the invention.

What is claimed is:

1. A semiconductor device, comprising:

a carrier;

a die including a first surface and a second surface;

a plurality of first conductive bumps disposed between the

second surface of the die and the carrier, wherein the die
is flip bonded on the carrier; and
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a molding disposed over the carrier and surrounding the
die,

wherein the molding includes a recessed portion disposed
on the first surface of the die thereby leaving a portion of
the first surface uncovered by the molding, and the
recessed portion is configured to receive and restrain a
thermal interface material (TIM) to be disposed therein,
and an interface between the recessed portion and the
first surface is substantially smaller than the first surface.

2. The semiconductor device of claim 1, wherein the first
surface of the die is at a level substantially lower than a top
surface of the molding.

3. The semiconductor device of claim 1, wherein a sidewall
of the recessed portion is distal to a sidewall of the die.

4. The semiconductor device of claim 1, wherein a thermal
interface material (TIM) is disposed within the recessed por-
tion of the molding.

5. The semiconductor device of claim 1, wherein the mold-
ing interfaced with the first surface of the die is in a staggered
configuration.

6. The semiconductor device of claim 1, wherein an inter-
face between the recessed portion and the first surface of the
die is in a rectangular, quadrilateral or polygonal shape.

7. A semiconductor package, comprising:

a die including a first surface and a second surface;

acarrier including a third surface bonded with a plurality of
first conductive bumps on the second surface of the die
and a fourth surface disposed with a plurality of second
conductive bumps;

a molding including a protruded portion disposed on a
periphery portion of the first surface and surrounding the
plurality of first conductive bumps and the die;

a thermal interface material (TIM) disposed on the first
surface of the die and restrained by the protruded portion
of the molding; and

a heat dissipator attached with the thermal interface mate-
rial (TIM) and disposed over the molding.

8. The semiconductor package of claim 7, wherein the
protruded portion of the molding is protruded from a sidewall
of the die.

9. The semiconductor package of claim 7, wherein the
protruded portion of the molding is disposed at a corner of the
die.
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10. The semiconductor package of claim 7, wherein a top
surface of the thermal interface material (TIM) is at a level
substantially same as a top surface of the molding.

11. The semiconductor package of claim 7, wherein a
thickness of the protruded portion or a thickness of the ther-
mal interface material (TIM) is substantially equal to a bond
line thickness (BLT) of the semiconductor package.

12. The semiconductor package of claim 7, wherein an
interface between the protruded portion and the first surface
of'the die is in a rectangular, quadrilateral or polygonal shape.

13. A method of manufacturing a semiconductor device,
comprising:

providing a carrier;

flip bonding a die on the carrier;

disposing a rubber material on a first surface of the die and

within the first surface of the die; and

forming a molding surrounding the rubber material and

covering the carrier,

wherein an interface between the rubber material and the

first surface is substantially smaller than the first surface,
thereby some portions of the molding are disposed on
the first surface.

14. The method of claim 13, wherein the disposing the
rubber material includes defining a recessed portion of the
molding above the first surface of the die and within the first
surface of the die.

15. The method of claim 13, further comprising removing
the rubber material from the first surface of the die by arelease
film after the molding is formed.

16. The method of claim 13, wherein the disposing the
rubber material includes defining a bond line thickness (BLT)
of the semiconductor device.

17. The method of claim 13, wherein the forming the
molding includes an overmolding operation.

18. The method of claim 13, wherein the forming the
molding includes disposing the molding within a chamber of
an overmold.

19. The method of claim 13, wherein the forming the
molding includes filling a molding compound between the
semiconductor device and an overmold disposed above the
semiconductor device.

20. The method of claim 13, wherein the interface between
the rubber material and the first surface of the die is in a
rectangular, quadrilateral or polygonal shape.

#* #* #* #* #*



